The Kamtal Intrusion is located in Eastern Azarbaijan province, northwestern Iran, near the Armenian border. This body consists of an acidic part of monzogranitic composition, and an intermediate-basic part which is composed of quartz-monzonite and gabbro. The gabbro forms lenses within the intermediate rocks. Monzogranite has been intruded into the quartz-monzonite. Both monzogranites and quartz-monzonites are high-K calk-alkaline and metaluminous in composition and can be classified as I-type granitoids, while the gabbro has tholeiitic affinity.
Introduction
The Kamtal Intrusion is a part of the Qaradagh Batholith of OligoceneMiocene age. The outcrop of this batholith covers an area larger than 1,500 km 2 , in northwest of Iran and the Republics of Azerbaijan and Armenia. The area of the Iranian part of the batholith is >500 km 2 and is the largest intrusion in NW Iran. The Kamtal Intrusion covers an area about 30 km 2 , located in the southwestern part of the Qaradagh Batholith in eastern Azarbaijan province, NW Iran, near the Armenian border.
This paper deals with some unresolved questions of the petrology, geochemistry and petrogenesis of the Kamtal body (Qaradagh Batholith). The major aim of this study is to determine the evolution of the magma, based mainly upon the composition of the rocks along with a variety of other geologic data, including the results of mapping, petrography and mineral analyses.
Geologic setting
At a regional scale the studied area is the part of southeastern rim of the Miskhana-Zangezur Zone in the Lesser Caucasus. Based on Iranian geostructural classifications (Aghanabati 2004 ) the Kamtal Intrusion lies in the Central Iran Zone, which is characterized by abundant Tertiary magmatism (Fig. 1) .
The Kamtal Intrusion of Oligocene age is intruded into Cretaceous flysch-type rocks (Figs 2, 3) . This intrusion led to the formation of a wide contact aureole (Kamtal skarn) around the Kamtal body (Mokhtari 2009 ).
The oldest rocks exposed in the studied area are a sequence of Upper Cretaceous (Santonian-Maastrichtian) flysch-type rocks (limestone, siltstone, shale and mudstone) and Upper Cretaceous intermediate, calc-alkaline volcanic rocks (Mehrpartou 1997) . Flysch-type rocks are located in the southern to western side, and volcanic rocks crop out in the eastern part of the Kamtal body. The boundary between the Kamtal body and volcanic rocks is faulted. The volcanic rocks are hydrothermally altered (sericitic, argillic, sillisified, sulfidized and limonitic).
Petrography and mineral composition
The Kamtal Intrusion consists of an acidic and an intermediate-basic part (Mokhtari 2009 ). The acidic part is younger than the intermediate-basic one and was intruded into it. The acidic part is composed of monzogranite, while the intermediate-basic part includes quartz-monzonite and gabbro. The gabbro forms lenses within the quartz-monzonite.
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Gabbro
Lenses of gabbro can be found within the quartz-monzonite body. They are coarse grained, dark in color and show gradational contact with quartzmonzonite. The gabbro is composed of plagioclase (An 50-86 ), clinopyroxene (diopside) and amphibole (ferro-tschermakite). Biotite is present as a minor 82 M. A. A. Mokhtari et al. Central European Geology 53, 2010 A view of the quartz-monzonite body of the Kamtal Intrusion and Kamtal skarn aureole (view toward west). Sk -skarn aureole, F -fault, qmz: quartz-monzonite, Cong -Neogene conglomerate phase in these rocks and generally altered to chlorite. Olivine ) is present in some samples. Most of the clinopyroxenes have been altered to actinolite. Magnetite is a frequent minor phase in the gabbro. In some samples, xenomorphic magnetite (wormy shape) can be seen in the groundmass of plagioclase and clinopyroxene. This indicates that magnetite was formed in the final stage of crystallization. In some samples, worm-shaped magnetite aggregations are present with small crystals of plagioclase and clinopyroxene, which can be the result of immiscibility. The presence of primary biotite and amphibole in the gabbro indicates that the parent magma was rich in H 2 O (Mokhtari 2009 ).
Quartz-monzonite
Quartz-monzonite forms the main part of the Kamtal body. It is a coarsegrained rock, light gray to dark gray in color. It is composed of potassium feldspar (orthoclase), plagioclase (An 29-39 ), quartz, hornblende (Mg-hornblende), biotite and clinopyroxene (augite). Titanite, apatite, magnetite, rutile and zircon can be found as accessory phases, while epidote, actinolite, chlorite and sericite are secondary minerals. Most of the plagioclase is altered to epidote and sericite. Some of it shows embowed twinning, which can be the result of strain during the crystallization and emplacement of the intrusion (Shelly 1993) . Perthite can be seen in some of samples of alkali feldspar. Some biotite grains have been altered to chlorite and epidote. Clinopyroxene is partially replaced by actinolitic amphibole in subsolvus conditions or by hornblende (Mg-hornblende) in magmatic conditions. In some places small euhedral clinopyroxene crystals can be observed within plagioclase grains, indicating that clinopyroxene crystallized before plagioclase. Idiomorphic crystals of titanite and magnetite are also abundant in these rocks. The presence of primary magnetite in mafic minerals such as pyroxene, hornblende, biotite and titanite indicates high oxygen fugacity in the parent magma (Sock et al. 1980) . Quartz-monzonite is cut by numerous green to light-green veins (Fig. 4) . These veins are characterized by epidote, actinolite, quartz and garnet (Fig. 5) . These veins are absent in the monzogranite stock, indicating
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Central European Geology 53, 2010 that they were intruded into quartz-monzonite before the monzogranite intrusion (Mokhtari 2009 ). The veins show gradational contact with quartzmonzonite, which suggests that they intruded before the complete crystallization of the host rock. According to Mirmohamadi (1995) the veins belong to the intrusion of granite stock. On the basis of field observations and petrographic studies, these veins might have crystallized from hydrothermal fluids rich in CO 2 and CaO in quartz-monzonite (Mokhtari 2009 ). In this way minerals such as epidote, actinolite and garnet were formed.
Monzogranite
Monzogranite crops out on both sides of the Aras River as a small stock (Fig. 6 ). It is a fine-grained leucocratic rock, containing quartz, potassium feldspar and plagioclase (28) (29) (30) ) with some hornblende and biotite. Graphic texture is present in the upper parts of the monzogranite stock and near the contact with the intermediate part. In the field monzogranite includes abundant xenoliths of different shapes (Fig. 7A) . Some of the xenoliths have many quartz-feldspatic amygdales (Fig. 7B) . Mirmohamadi (1995) suggests that these xenoliths and amygdales are the result of magma mixing (diorite with granite). Our petrographic studies indicate that the xenoliths are fragments of volcanic rocks of andesitic composition that underwent partial melting and feldspatization.
Whole rock geochemistry
Studies of variation diagrams for all rocks of the Kamtal Intrusion (major and trace elements) indicate three separate sets, meaning that gabbro, quartzmonzonite and monzogranite may have had different origins.
All rocks plot within the sub-alkaline field (Fig. 8A ) in the SiO 2 vs. Na 2 O+K 2 O diagram (Irvine and Baragar 1971) . In the triangular AFM diagram (Irvine and Baragar 1971) , monzogranite and quartz-monzonite plot within the calc-alkaline field and gabbro plots within the tholeiitic field (Fig. 8B ). In the K 2 O vs. SiO 2 diagram (Rickwood 1989 ) granitoid rocks plot within the high-K calc-alkaline field and gabbro plots within the medium-K calc-alkaline field (Fig. 9 ).
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1. Hornblende, biotite, titanite and magnetite are abundant in these rocks while minerals such as muscovite, garnet, andalusite and sillimanite are absent.
2. The Kamtal Intrusion is composed of gabbro, quartz-monzonite and monzogranite.
3. SiO 2 content varies between 43-73 wt%.
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5. They are metaluminous and normally contain no corundum. 6. In the SiO 2 vs. A/CNK diagram (Chappell and White 1974) and in the SiO 2 vs. Zr diagram (Collins et al. 1980 ) they plot within I-type field (Fig. 11) .
7. In the P 2 O 5 vs. SiO 2 diagram (Chappell and White 1992), P 2 O 5 content decreases with increasing SiO 2 in granitoids.
8. Granitoids plot within the I-type granitoid fields in the triangular ACF diagram (Chappell and White 1992) .
The chondrite-normalized REE patterns of monzogranite and quartzmonzonite are shown in Fig. 13 . Both groups show a LREE-rich pattern and high LREE/HREE ratio. Their depletion in HREE is consistent with hornblende fractionation. Quartz-monzonites have flat MREEs and HREEs patterns with negative Eu anomalies (Fig. 12A) Eu anomalies (Fig. 12B) . Gabbro exhibits two different patterns (Fig. 13A ): 1. flat pattern with low LREE/HREE ratio. 2. Steep pattern with high LREE/HREE ratio. Samples with flat patterns were probably produced from high-rate partial melting of depleted mantle. The MORB-normalized trace element patterns of the gabbro indicate a depletion of Nb, Zr, Hf, Ti, Y and Yb relative to mid-ocean ridge basalt and an enrichment of some elements (such as Rb, K, Ba and Sr) that can be transferred by fluids to the magma (Fig. 13B ). This indicates that fluids released from subducted oceanic crust played an important role during the formation of the basic magma in this area.
The primitive mantle-normalized incompatible trace element patterns of the quartz-monzonite and monzogranite are similar to each other (Fig. 14) . These patterns show high enrichment of LILE, with negative anomalies of Nb, Ta and Ti and a positive anomaly of Zr. Negative anomalies of Nb and Ti are indicative of a subduction setting (e.g. Wilson 1989; Sajona et al. 1996) . Also, Sajona et al. (1996) suggest that enrichment of Rb and K are indicative of subduction settings. (Fig. 15) , which displays source variations and crustal contamination effects (Pearce 1982) . All rocks of the Kamtal Intrusion show differences toward higher Th/Yb ratios. This feature indicates a lithospheric mantle source enriched by a subduction component.
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Tectonic setting
Samples from the Kamtal quartz-monzonite plot within the pre-plate-collision field in the tectonic discrimination diagram of Batchelor and Bowden (1985) , but samples of monzogranite plot within the syn-collision field (Fig. 16A) . All rock types of the Kamtal Intrusion plot within the volcanic arc field in the Pearce (1996) tectonic discrimination diagram (Fig. 16B) . In this diagram, some samples plot within the common field of volcanic arc granites and post-collision granites. In order to discriminate between these two groups Muller and Groves (1997) diagrams were used. In this diagram all rocks plot within the continental arc setting (Fig. 16C) . Monzogranite contains more Zr/TiO 2 than 400; therefore it plots outside of the diagram. Also, in Fig. 16D (Thieblemont and Tegyey 1994) , the samples of the Kamtal Intrusion plot within subduction-related settings.
On the basis of the Barbarin (1999) classification, quartz-monzonite and monzogranite of the Kamtal Intrusion can be classified as ACG (amphibolebearing calc-alkaline granitoids) and KCG (K-rich calc-alkaline granitoids) granitoids. According to Barbarin (1999) the ACG granitoids were formed in a subduction setting, while the KCG granitoids were formed in a transitional setting during the change from compressional to tensional regime. Meinert (1993) suggested that different kinds of skarn deposits (such as Fe, Cu, etc.) form in specific tectonic settings. The skarn aureole in the studied area shows Fe-Cu mineralization. This kind of skarn forms in the subduction-related settings (Meinert 1993) . The Kamtal Intrusion was therefore formed in a subduction-related setting.
A comparison of the chondrite-normalized incompatible rare element patterns of Kamtal quartz-monzonite and monzogranite with patterns of granitoids from different tectonic settings indicates a similarity between the Kamtal granitoids and Andean granitoids (Fig. 17) . Therefore, it can be concluded that the Kamtal Intrusion was formed in a subduction-related setting.
Tectonomagmatic model
As mentioned before, the Kamtal Intrusion is a part of the Qaradagh Batholith, located to the south of the Sevan-Akera ophiolitic zone in the Lesser Caucasus. Based on the Iranian geostructural classification the Kamtal Intrusion belongs to the Alborz-Azerbaijan magmatic belt in NW Iran.
92 M. A. A. Mokhtari et al. Central European Geology 53, 2010 Fig. 16 Samples of Kamtal granitoids on some tectonic discrimination diagrams. A) Batchelor and Bowden (1985) , B) Pearce (1996) , C) Muller and Groves (1997) . Symbols in all diagrams are the same. D) Nb/Zr(n) vs. Zr diagram (Thieblemont and Tegyey 1994) . (n), N-MORB-normalized values (Sun and McDonough 1989) According to Alavi (1996) the Urumiyeh-Dokhtar (Sahand-Bazman) magmatic belt is an island arc that was built up during the subduction of the Neotethys oceanic crust. He suggested that the Alborz-Azerbaijan Tertiary magmatism is the result of the subduction of the oceanic back-arc basin of the Urumiyeh-Dokhtar island arc to the northwest beneath the Alborz-Azerbaijan micro-continent. On the other hand, some Iranian and other geologists (Hassanipak et al. 2000; Juteau 2003; Ghazi et al. 2003; Khalatbari-Jafari et al. 2003; Azizi and Jahangiri 2008) suggest that there was an oceanic basin in the Khoy area that was subducted to the northeast beneath the Alborz-Azerbaijan micro-continent, and that the Alborz-Azerbaijan Tertiary magmatism was the result of this subduction (Azizi and Jahangiri 2008) .
The overall petrography, petrology and geochemistry of the Kamtal Intrusion led to the conclusion that the parent magma of this body was derived from a lithospheric mantle source by subduction-related processes. The data indicate that the lithospheric mantle was affected by slab-related hydrous fluid resulting from the subduction. On this basis the following scenario (Fig. 18) for formation of the Kamtal Intrusion (Qaradagh Batholith) is assumed:
The Sanandaj-Sirjan island arc had been formed as a result of the subduction of Neotethys oceanic crust during the Mesozoic. Subsequently a back-arc basin developed behind the Sanandaj-Sirjan Belt. This back-arc basin was subducted beneath the Central Iran block, and the Urumiyeh-Dokhtar magmatic belt formed along the continental margin of Central Iran. High-angle subduction in the northwest of Iran (Azizi and Jahangiri 2008) 
